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The forms considered in the present paper are those that have iisu* 
ally been classed, especially recently, as a family of rodents under 
the name DipodhJa\ as has been done by Mr. Thomas in his paper 
•'On the Genera of Kodentsv' 'While there may be strono- trrounds 
for such a classification and for the association of the six genera, 
>>inlnthm. Zcqyus^ Dipm^ AJactaga^ Platyeercomy^s. and Euehoreate^s^ 
of which tlic first two are each usually put in a separate subfamily^ 
yet the limited material at hand is sufficient to show strong osteolog- 
ical affinities between Zn 2 >ax and SmintJins which has not usually been 
recognized and which places them in contrast to the rest of the group. 

The writer has had for comparison complete skeletons of Zapus and 
an Egyptian Dipm in the United States National ^Museum, two skele- 
tons of difi'erent species of Aladaga in the American Museum of 
Natural History, kindly placed at his disposal by Dr. J. A. Allen, and 
several odd skulls of Zjfpm^ and Aladagtu as well as the skin 

and skull of the type of Smiuthai< flarus in the National ^liiseum. 

Zapifs and D'qnis represent pronounced types, and for that reason, 
and because of the more complete material available, are compared at 
some length. 

The vertebral column, with the exception of the cervical region, is 
essentially the same in each genus: the neck is short and weak; the 
dorsal vertebne (twelve) pi’esent no peculiarities; the lumbar verte- 
bra* (seven), especially the posterior ones, are built on a heavy plan 
with largely developed neui'al and anteriorly directed transverse proc- 

genus has been separate<l into three subgenera by 3Ir. Treble, Xorth Ameri- 
can Fauna Xo. 15, and recently IMr. Gerrit S. IMiller, jr., Preliminary List of New 
York ^Mammals, Bulletin Xew York State IMuseum, VI, 1899, pp. 275, .‘>80-331, has 
raise<l the snbgenus Xapaeozapns to generic rank. It differs fr<un tnu‘ Zajms only in 
the absence of the minute upper jireinolars. Doubtless in time many of the subge- 
nera in the other genera will be thus raised to generic rank. 
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esses. Four vertehne form the sacrum, which is of the same form 
in each, and like that of the Jfuridw, The caudal seides is much 
lono’cr than all the precedino- portions of the column taken tog-ether; 

has the greater number of vertebrie— about thirty -six (there is 
some variation in different skeletons) — and the skeleton of Dljnis 
shows twenty-eight. 

The atlas is a large ring, essentially the same in each genus, Imt the 
second c('rvical or axis shows considerable diff'ei’ences in the two 
genera. 



In Zdjxis it is well developed and en- 
tirely free from the remaining five dis- 
tinct vertebne behind, as well as from 
the axis in front. 



In Zt(}n(s atlas and axis are entirely free 
and articulate in the usual manner. 



In Dipus the axis and the four succeed- 
ing vertebne are completely fused into 
(me large compound “axis,” with a large 
compound neural spine which shows no 
signs of segmentation. The fused cen- 
trum does show signs of segmentation, 
however. 

In Dipus atlas and axis, free dorsally 
and laterally only, lielow they are fused 
into one ]>iece. 



1 he seventh cervical is free from the rest of the series in (uieh case. 
The pectoral arch presents a few differences. 



In Zajms the clavicle is longer, slen- 
derer, and uniformly curved, convex out- 
wardly. 

Scai)ula with the vertebral liorder curv- 
ing into the anterior border, a shape usu- 
ally seen in the ^fuvicLr. The supraspi- 
iKuis and infraspinous fossa? are about 
equal in size. 



In J)ij)us^ clavicle stouter and heavier 
and somewhat in the shape of an italic/. 

Scapula with an almost straight verte- 
bral border, which does not slope gradu- 
ally into the anterior border. The su- 
pras])inous i.s much smaller than the in- 
fraspinous fossa. 



The anterior limbs present no noticealde differences aside from rela- 
tive proportions. 

The fore limb of Zapus is about one- The fore liml) of Dipus is about one- 
half the hind limb, or about three-quar- (piarter the hind limb, or about two- 
ters of the dorso-lumbar series of verte- thirds of the dorso-lumbar series of vert e- 

brre. 

The pelvis shows no differences. 

1 he hind limbs show marked differences, both as reg’ards relative 
size and the number of elements in them. The ratio of the lengths of 
the different segments of the limbs to the total length of the leg is 
practically the same in eacli, but — 

Zf/piL? has shorter legs, the dorso-lum- has longer legs, the dorso-lumbar 

bar series of vertebne being about two- series of vertebne being about one-third 
thirds the length of the hind lim)>. the total length of the limb. 

The femur is similar in each, but Zajju.s has a triangular projection 
(third trochanter) on the upper outer side, which, commonly found in 
the MurJ(la\ is lackiiig in Dipus. 
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The tibia is essentially the same in eac*h, thoiiLi'h DJjnts has a laro'cr 
erest in front. 

The libula is slender, long and distinet abov(\ as usual in the ]\Iyo- 
morphs. l)ut fuses lirinly with the til)ia lielow, a little a))ovo its middle 



in 7>/}>^/.y and about as far below th 

The tarsus is composed of the S 5 
differently arranged in each, as — 

Zapna has the anterior nonartienlar 
part of the astragalus rather elongated, 
thus }>ushing the navicular forward, so 
that the outer side is in contact with the 
cid)oid. 

In Zapiis the internal cuneiform is not 
much elongated and ends in an articular 
surface for the first metatarsal. 



e middle in Zajnis. 

ime elements in each genus, but is 

has the corres])onding ])art of the 
astragalus shortened, so that the navicular 
api)ears somewhat shut <>ff from the^ 
cuboid. 

In Dqms the internal cuneiform is dis- 
proportionately long and lies close agaitist 
thesec(.)nd metatarsal, ending in a thinned 
extremity. 



The metatarsal bones show strikittg ditlerences. 



In Zapus they are five in number, 
elongated and separate, the lateral ones 
being suV>e(iual, but decidedly shorter 
than the three central ones. Each meta- 
tarsal bears a <ligit. 

All the digits have three phalanges 
except the innermost, which bears I)ut 
two as usual. 

The three middle digits have the rela- 
tive proportions seen in a slightly 

longer median one and two subequal lat- 
eral ones. The innermost or first digit, 
hallux , readies only as far as the metatarso- 
phalangeal articulation of the middle toes, 
and (he first phalanx of the outer or fifth 
toe reaches the same point. 



In l>ipns there is but one long rounded 
bone, “cannon” bone, trifid at its distal 
extremity, where it t>resents thi'ee articu- 
lating surfaces for the three digits. It is 
to be regarded as a compound bone com- 
pose«l of three fused metatarsals. 

The two lateral digits are subeqiial and 
but little shorter than the mi<ldle one. 
Each is composed of three i)halanges. 
There is just a trace of metatarsal live, on 
the outer posterior part of the “cannon” 
bone. 



The skulls, as a whole, show very little resemblance to one another, 
points of community being found in the maxillo-zygomatic region 
only. The skulls of the Dtpodldto Alactagn. Plati/rercoinys^ 

E}ic]u)r<\d(x^ Smlnilnis^ and are characterized chietiy Ity the 

great development of the antorbital foramen, large and rounded and 
with a more or less separate canal for the transmission of the superior 
maxillary division of the trigeminal nerve. The malar consists of a 
more or less horizontal portion articulating with the s([uamosal pos- 
teriorly and with the maxilla anteriorly, and a large more or less 
vertical portion, the anterior edge of which is in contact with the 
maxilla, the posterior edge free and forming the anterior boimdarv of 
the orbit, while the superior end of the vertical part is in contact with 
the hudirymal. But these common characters present several impor- 
tant diherences in the two gfuiera. 
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In Zapus the akuW has a decided innriiie 
aspect, long an<l slender, with an iinex- 
panded hrain-case, no mastoid bnlhe, and 
the zygoma sloping downward and back- 
ward from the maxilla. 



In Dipas the skull has no murine aspect 
whatever; it is broad and heavy, much 
expanded behind, with the mastoid bones 
inflated as large as the true bullae and the 
outer border of the antorbital foramen 
standing out in wing-like projections and 
sloping downward and slightly forward. 



The palatal and pterygoid region.s are (piite different in the two 
genera. 



In Zajms the jialate bones are much 
shortened posteriorly, the free edge con- 
cave and ending on a line with the last 
molar teeth. It shows exactly the same 
condition as is found in Mas. 

The pterygoids have the usual forms 
and proportions seen in ^fus, 

In Zapiu^ the external pterygoid plate 
assumes a more horizontal ]>osition and 
longitudinal direction, as in Mas. 

Between the external plate (a process 
of the alisphenoid) and the internal 
pterygoid plate (the true pterygoid bone) 
is a shallow fossa, entirely destitute of a 
floor and of the same form as is found in 
Mas. 



In I)!pus the palate is much more 
elongated and produced ijosteriorly to a 
considerable distance behind the last 
molars and ends in a blunted projecting 
spine. 

The greater p< >sterior length of the bony 
palate makes the pterygoids correspond- 
ingly shorter. 

In /hpn.? the external jjterygoid jdateis 
more V(‘rtical and more transversely 
placed. 

Between the external and internal 
pterygoid plates is a deep and conspicuous 
fossa, running forward and being floored 
by the posterior lateral portions of the 
bony palate and having for its roof the 
alisphenoiil. It is a fossa on tlie order of 
that seen in MU'votas. 



The tyiiipanie bones are of .similar form and po.sition in each gemi.s, 
triangular in outline and placed more tran-sversely than longitudiniillv, 
asagain.st the po.sition in the ^Lnri<l(V. They are each inflated to form 
bulhe, which are — 



smaller in TiUpas^ not approaching tlie 
median line, with the apices free from 
the ba.sLsphenoid. The inner edges abut 
closely against the basioccipital, so that 
no vacuities are formed. 

The mastoid portion of the periotic is 
not abnormally enlarged in Zapus^ does 
not overcrowd an}' of the other bones, 
and has a form and }>osition very similar 
to Mas. 



The squamosal in Zapus is a thin and 
expanded bone, with its antero-posterior 



larger in Dipas, nearer the median line, 
and the apex of each is definitely fused 
to the basisphenoid. Between their inner 
edges and the basioccipital are large 
vacuities. 

The mastoid portion of the periotic is 
greatly inflated in Dipas and presents 
almo.st as much surface on the posterior 
part of the skull as the tympanic bulla 
does on tlie ventral surface. The two 
portions push inward to such an extent 
as to encroach uxion the supraoccipital 
and render that bone correspondingly 
narrow. They swell out laterally ami 
superiorly, so that a portion is seen above 
the tymiianic and between a posterior 
process of the squamosal and the parietal 
and supraoccipital. 

The squamosal in Blpas is a compact 
and much contracted bone, with itsdorso- 
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dianu'tor than its dorso- ventral, 
and is of tlie same typo as is found in tlio 
MarUia'. 

Tlie zygoinatio process of tlie s({uaino- 
sal much cxj)an«lcd at its origin curro^ 
decidedly downward. This i' in accord- 
ance with its liigher origin from the bom*. 



ventral diameter .mii(‘h greatc*r than its 
antero-postcrior. Its sliape and position 
are ditlicult to descril)e, and are lH*st seen 
in the tignre. 

The zygomatic* proci*ss of th(‘ scpiaino- 
sal comes out almost horizontally, .s-Zop/'/yry 
a little downward. This is in accord- 
ance with its loW(*r origin from the boiu*. 



The zy^goniJitic region shows several (Uirerences. Tlmt of \> 

apparentlv ati extreme type, between which and Zujnis setmis to 

be somewhat intermediate. In and other nmrim*s, both roots of 

the zygomatic process of the maxilla (saying tlnit there is an upiier 
root above the antorbital foramen and a lower root below it) arist' one 
directlv tibove the other. This condition liolds — 



ill 7Aqm>i, where the lower rout arises just 
in front of the ])remolarand the upper 
root aliout on a line directly aI>ove. This 
condition causes the anterior part <»f the 
zygomatic arcli to sloi>e from above 
dc^wn\vard and backward. 

ZajKis has an almost triangular malar, 
which fits into the obtuse angle in the 
zygomatic ]>rocess of the maxilla. The 
lower posterior angle of the malar 
attenuated into a slender process going 
backward to the squamosal. 

Tlie antorbital foramen in Zajms is 
more nearly elliptical, the major axis of 
the elli])se inclining outward from above 
downward. 



but in Dlpus the u]q)er root comes off at 
a considerable distance posterior to a 
point directly above the lower root. This 
cemdition causes the anterior part of the 
zygomatic arch t > slope downward and 
forward. 

/)ypu.s* has a luradiate malar, the verti- 
cal part of which is much ex})anded lat- 
erally and tits into a right angle in the 
maxilla. The horizontal part is slender 
and runs backward to meet the squa- 
mosal. 

Theantorbital foramen in is more 

nearly ovoid, and the long axis inclines 
slightly inward from above downward. 



At the lower inner corner of this foramen is a separate eanal for the 
transmission of the second division of the fifth nerve, formed l)y a 
thin plate of bone arising from the lower root of the zygomatic itrocess 
and abutting against the outer surface of the maxilla. 



In Zapits the line of contact of this thin 
plate with the maxilla is always evident, 
and very often the plate fails to meet the 
side of the maxilla. 

The wall of the orbito-tenq)oral fossa 
in Zapus shows a comlition such as is 
fouml in Mils and the Murkliv generally, 
with all the bones ossified and in close 
ap])roximation to one another. 



In Dipnx this iilate is completely anchy« 
losed and the line of fusion obliterated. 



In Dipus the wall of this fossa shows 
(piite a deficiency in ossification. The 
o])tic foramina are unusually large. Just 
behind the orbito-sphenoid is a large 
crescent-shaped vacuity bounded in fn)ut 
by the orbito-s}>henoid and the orliital 
plate of the frontal; above and behind, 
by the squamosal; ami below, by the ali- 
sphenoid. 

curved backward 
Each tooth is traversed by a groove 



The incisor teeth in both genera tire short and 
after the manner of the M nr ala'. 
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in its antorior face. Eadi genus lias tlirei' upper molars on aside and 
as many below, with the enamel tliroM ii into folds, whieli ai-e more 
complex in Zhjhik. Z(q»i.'< has a small iqiper premolar, but in the 
genus Xajxu-o^ipiix this tooth is entirely wanting'. The jiremolar is 
hiekino' in 

The loM'or jaw of Zapua much deeper 
behind and has a well developed eoro- 
iioiil ]>roeess almost equaling: in size the 
condyloid ]>roeess. Tlie si.irmoid noteli is 
correspond in lily dee]) and iironouneed. 

Scarcely any jironiinence can be seen 
in ZajfKs cori’esponding to the coveriiyir 
of the root of the lower incisor. 

The anj^le of tin* lower jaw in Zapm is 
deepened, with the lower border turned 
inwanl, and is not ]>erforate<l by a fora- 
men. 

Alaviaga veiy clo.seh" re.sein])le.s J)lpw< and differs from Z(tpux in 
essentially tlie same points that does. Its chief differences from 

D'qnix are the scarcely inffated mastoid hulhe and the incomplete fora- 
men for the nerve at the lower inner angle of the antorbital foramen. 
The vertical part of the malar is not so greatly expanded laterallv and 
the audital hulhe are h‘Ss inffated. Alactaija has the ‘y*annon'' hone 
oi Dlprn^ hut on either side of it is a small non-functional toe, consist- 
ing of a metatar.sal and a digit. The cervical vertehric show a tendency 
toward consolidation, hut not that complete fusion found in Dqxis. 

In AlaviiKja the incisors ai*e iingrooved and are not I’ecurved as in 
Jbq>UM, hut project more forwainh presenting an appearance seen in 
the Hares. A small premolar is present. The nmlars have a more 
complex enamel pattern. 

In nearly all these respects ])ip>ux is seen to he a much more spe- 
cialized type. Both Dtpw^ and AladiUja sliare neaidy everything* in 
common, aside from greatei* specialization, and are placed in strong 
contrast to Z(ipn,'<. 

Fx(rlinre)(t( A i.s an animal with the foot structure of Aladcuja and 
a skull on the DipHs-AhKiaija type, hut appearing more slender and 
with greatly enlarged l)ulh\\ In the structure of its zygomatic arch, 
as well as in its narrower proportions, it approaches slightly the type 
of skull seen in Zaj>ns and Sn ) ""The zygoma is very weak 
and thin, and the veilical portion, which separates the optic from the 
antoi’])ital formen, is also verv thin and slopes from above downward 
posteriorly (as in Zapn.s, Sminfhas, and the while mAhtetai/a 

the corresponding part of the zygoma is either vertical oi* anteriorly 

^Fnjin the description and tigures, Sclater, IVoc. Zool. Sue., London, 18U0, pp 
510-613. 



Tlie lower jaw of I>ipu,^ is shallow l)e- 
hind and with the eoronoid ju-ocess 
scarcely at all develo])ed, with a corre- 
sponding diminution of the sigmoid 
notch. 

The caj) covering the root of tlie lower 
inci.^or forms a ])rominent ]>rojection be- 
neath the condyloid proces.s in T)lpun. 

The angle of the lower jaw in Dijms is 
shallow and perforated by a large fora- 
mmi. 
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directed. * '• There is, us in Dipnx, u sepiii-ate canal at the1»a>e 

of the foramen foi’ the exit of the nerve." ^ 

The skull of Sminthn-^ very closely ai)|)roaches that t)f Zaj>w<, aixl 
it is hai‘(l to see liow Alston, in his arrano-(unent of the RodiUjts, could 
have considered it as an ahen’ant mem])er of th(‘ family J//ovVAc. and 
Dipus^ etc., as foi’mino* the Dtpndhhv. 

The structure of the zygomatic ai’ch and the shape of antorhital 
foramen is almost precisely the same as are these structures in Zapus. 
The latter has a slightly wider malai* and the separate passage for tlu^ 
nerve is a litth* more marked. Tlie palates are of the same style, but 
the posterior fri‘e edge has a median spine in Sminflnis, The only 
really striking ditierenees are in the teeth. Tlie upper iiicisors of 
SnZnitJitis are plain, and the molars (there is also a small premolar) do 
not have the enamel m the same pattern, but raised up into cusp-like 
prominences arranged in pairs. While no skekdon is available, a 
careful examination of the skin reveals the fact that the hind feet are 
of similar form to those of Zjfpn ^ — at least witli respect to freedom 
of metatarsals, number of digits and phalanges. 

Pi'drtt'S has often been classed with the I)ipod'Hi(e, but recently^ it 
has been shown to possess many In^stricomorph athnities. and Thomas 
has placed it in that group of Rodents under the family Pi'dvtida\ 

Di‘. Cones, in Monographs of North Amei’ican Rodentia, and Dr. (rill, 
in the Arrangement of the Families of Mammalia, put Zjipn-s in a sepa- 
rate family from that of D!pia< and Aluctaijn. It is inferred that 
SmintliHsi went to the Jlurida\ It would l)c in strict accordance with 
the facts, however, to associate Zapus and Suu)d]n(s in one group, 
following* Winge, as the family ZnpodidiP: and Dtpns^ Alactuf/u, 
Platpeercoiny,'<^ and Emdiopeide^ in an ecpiivalent group as the family 
PI pod ida\ 

The only pronounced common feature of the tAvo families is the 
structure of the zygomatic arch and antorhital foramen. They all 
present the rare condition of a lachrvmo-malar articulation. The arch 
has the most murine shape in Soiinthns; Znjnis is a shade further aAvay; 
Euchort ntes shows a condition further removed, but on a skull of 
otherwise structure; Alactagu is much further removed, and 

Dipm still more so from the murine form. 

The variations fi’om a murine type of skull are entirely (‘orrelated 
Avith variations from a murine type of metatarsus. The Zojnos- 
S/nhitliiis group Avith the most gcnei’alized skull has the most 
generalized foot Avith the free metatarsals. We pass from general- 
ization to specialization by both tlie foot and the skull and teeth from 
AlaetiKja to Dipiix, Similar obserA^ations hold good in the case of the 
cervical a ertebra^. 

bSclater, Proc. Zool. Soc., 1890, j)p. 010-613. 

^Tlioiiias, Proc. Zool. Soc., 1896, pp. 1012-1028, and Parsons, Proc. Zool. Soc., 1898, 
pp. 858-890. 
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In fcuiniiiing' up, the old hinu\y I)ipod!(7(e is seen to l>e composed of 
two clearly delined though somewhat related families, of which 
is typical of the one and Dipm of the other. The antorbital foramen 
and its subdivision for the nerve and lachrymo-malar articulation are 
the only striking points of similarity between the two families. l)ut 
othei'wise the skulls are widely ditlerent and each homogeneous in its 
own family. 

The ZapodidiV are at once recognized by the tive separate metatar- 
sals, free cervical vertebrie, and general muidiie aspect of the skull. 
It is composed of two easily sepai*able subfamilies. 

Zapod'nm^ with the enamel of the molar teeth thrown into folds and 
the crowns pi'esenting a g’enerally smooth surface; upper incisors 
grooved; skidl less murine; zygoma heavier and less oblique palate 
concave posteriorly. It contains the three genera, Ziq>us, Xajxhvza- 
pus^ and Eozap>m, 

^inintlun(i\ with the enamel of the molar teeth in an entirelv ditier- 
ent pattern, and above folded in opposite loops so that there seems to 
be four cusp-like processes on each tooth; the upper incisors without 
grooves; and slenderer skull and zygoma. It contains the genus 
possil)ly the fossil genus Eomys^ which is usually referred 

to this group. 

The J)q)odJdm are to be recognized by the fusion of the three middle 
metatarsals into a ""cannon" bone, longer hind limbs, a tendency 
toward consolidation of the cervical vertebra^, as well as a totally dif- 
ferent form of skull, much lateially expanded. It seems to be readilv 
S(‘parable into the three following groups, of which the tirst two 
should take subfamily raidv, the D'tpodlmVj in contrast to the third 
group containing EnchoiYntvx. 

gi’oup with J)ij)us and its subgenera, hind foot with thi*ee 
digits; cervical vertebra anchylosed; mastoid considerably inllated; 
upper incisors grooved: no small premolar: antorbital canal for nerve 
complete. 

Alactaga gi’oup, with Alaciaga and its subgenera, hind foot with 
more than three digits, but lateral ones much shoi'tened: cervical vei*- 
tel)ne not completely fused; mastoids not i)uich inllated; upper inci- 
soi’s without grooves; and a small premolar present above: antoid)ital 
canal for nerve not fully complete. Plntgc< rcoimp without the small 
premolar probably belongs to this group. 

hf(chorentinc6 is at once told from the preceding by the posterior 
slope of the zygoma and more elongated skull and interorbital con- 
striction; no root-cap for iiicisor on side of mandible; posterior pala- 
tine foramina very large: hind foot with tive digits; upper incisors 
not grooved; u[)per premolar present. 
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.Most of tho litoi'atiire on lliis sui)jert deals with tlie ffi‘rl)oas and 
dimiping .Mice from a systematic point of view, tivaitino* largely of 
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them: 
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EXPLANATION OF PLATES. 



All figures one and a half times natn 
following significance: 

Sfj, squaino.sal. 
m, mastoid. 

So, supraoeci]»ital. 

C, calcanemn or os calcis. 

.4, astragalus. 



'al size. The letters on the plates have the 

A', navicular. 

Cu, cuboid. 

Er, ^^r, and Jc, external, middle, and 
internal cuneiform. 



Plate XXV. 



Fig. 1, lateral view of skull of Zapus. 

2, lateral view of skull of Eurhoreutc.^, redrawn to scale from Sclater’s figures 

in Proc. Zool. Soc. Lond., 1890, ]>. 611. Comi)are with Zapus am] Smhithus 
and note similarity of the zygomata. 

3, lateral view of skull of Smiuthus. 

4, lateral view of skull of Dipus, 

5, lateral view of skull of AIactag<(, 



Plate XXVI. 

Fig. 1, ventral view of skull of Zapus, 

2, ventral view of skull of Euchoreutes, redrawn to scale from Sclater’s figures 

in Proc. Zool. Soc. Lond., 1890, ]l 611. Note the similarity of the ventral 
view with the same aspects of Dijjus and Alaciaga. 

3, ventral view of skull of Smiuthus, 

4, ventral view of skull of Dipus, 

5, ventral view nf skull of Alactaga, 



Plate XXVII. 

Fig. 1, left hind foot of Zajnis, dor.«al view and internal lateral view of the tarsal 
bones. 

2, left hind foot of Alactaga, dorsal view and internal lateral view of the tarsal 

bones. The pre-tarsal part is drawn from a specimen in the American 
IMuseum of Natural History; tlie tarsal bones are filled in from a dissected 
tari^us taken from a skin in the U. S. National IMuseum. 

3, left hind foot of Dipus, dorsal view and internal lateral view of the tansal 

bones. Rudiment of the fifth metatarsal may be seen. 



